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Real-Time Characteristics Analysis and Improvement for OPRoS
Component Scheduler on Windows NT Operating System
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Abstract: The OPRoS (Open Platform for Robotic Service) framework provides uniform operating environment for service robots.
As an OPRoS-based service robot has to support real-time as well as non-real-time applications, application of Windows NT kernel
based operating system can be restrictive. On the other hand, various benefits such as rich library and device support and abundant
developer pool can be enjoyed when service robots are built on Windows NT. The paper presents a user-mode component scheduler
of OPRoS, which can provide near real-time scheduling service on Windows NT based on the restricted real-time features of
Windows NT kernel. The component scheduler thread with the highest real-time priority in Windows NT system acquires CPU
control. And then the component scheduler suspends and resumes each periodic component executors based on its priority and
precedence dependency so that the component executors are scheduled in the preemptive manner. We show experiment analysis on
the performance limitations of the proposed scheduling technique. The analysis and experimental results show that the proposed
scheduler guarantees highly reliable timing down to the resolution of 10ms.
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Fig. 8. Scheduling interval variation of external disturbance.
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Table 1. Scheduling accuracy with external disturbance.

A¢tek 7% (REALTIME_PRIORITY CLASS)
Max(ms) Min(ms) 10%2.}
No Load 10.82 9.05 100%
Full Load 13.1 6.42 99.74%
71%8] 27| 2(NORMAL PRIORITY CLASS)
Max(ms) Min(ms) 60% 2=}
No Load 19.44 11.83 96.88%
Full Load 2025 9.86 89.16%
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Fig. 9. Experiment setup for DC motor control.
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Table 2. DC Motor & PI control parameter.
Parameter Value
RPM 172rpm
A=y siA= 3584pulse/rotate
PI Ao 7] 100Hz(10msec)
PWM AJo] F7] 20KHz(50usec)
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void MMTimerSetup() {
//get the smallest OS time resolution
TIMECAPS tc;
timeGetDevCaps(&tc, sizeof TIMECAPS));
wTimerRes =
min(TARGET RESOLUTION), tc.wPeriodMax);
timeBeginPeriod(wTimerRes);//set OS tick

wTimerID =
timeSetEvent(
mslInterval, //desired interval(10ms)
wTimerRes,
hEventCPU[NUMCPU],/timer event
(DWORD_PTR)npSeq,//user data
TIME_PERIODIC |
TIME_CALLBACK_EVENT SET|
TIME_KILL_SYNCHRONOUS );

}

int MM TimerDestroy()

{
// destroy MMTimer

timeKillEvent(wTimerID);

/lrestore OS tick
timeEndPeriod(wTimerRes);
return 0;

}
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DWORD WINAPI SchedulerFunc(LPVOID arg)
{
//Set Real TimePriority Process
HANDLE hProcess = GetCurrentProcess();
SetPriorityClass
(hProcess, REALTIME PRIORITY CLASS);

//make scheduler high priority
SetThreadPriority(GetCurrentThread(),
THREAD_PRIORITY_TIME CRITICAL);
int nObjects = NUMCPU + 1y//# of CPU + 1

while(1) {

DWORD €Type =
WaitForMultipleObjects(nObjects, hEventCPU,
FALSE, TIME_FOR_DEADLOCK);
ifleType <WAIT_OBJECT 0+NUMCPU) {
// executor call ‘yield cpu()’
schedule user cpu(eType - WAIT _OBJECT 0);
Yelse if(eType = WAIT_OBJECT 0+ NUMCPU) {
//mm timer interrupt
timer_interrupt();
}
)
return 0;

}

void timer_interrupt(void)

{
inti;
EnterCriticalSection(&cs_schedule);
update_timers();

for(i=0; i <NUMCPU; i++) {
schedule _cpu(i);

}

LeaveCriticalSection(&cs_schedule);

}

bool schedule_cpu(int core)
{
TCB_t *pToRun = getHighestReady(core);
iftpToRun=NULL) {
//no one want to run or cur is highest prio
return true;

}

if(RunningExecutor{core] = NULL) {
//no one is running yet.
RunningExecutor|core] = pToRun;
pToRun->status = st_running;
ResumeThread(pToRun->handle);
}

else if{pToRun->period <
RunningExecutor|core]->period) {
/lnew one is more high priority
SuspendThread(RunningExecutor|{core]->handle);
RunningExecutor|core]->status =st_wait;

RunningExecutor|core] = pToRun;
pToRun->status = st_running;
ResumeThread(pToRun->handle);
)
return true;

}

void yield cpu(TCB_t *pTCB) {
/lexecutor want to yield CPU

EnterCriticalSection(&cs_schedule);
pTCB->status =st_wait;//setting waiting for sync
LeaveCriticalSection(&cs_schedule);

SetEvent(hEventCPU[pTCB->cpu]);
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//wakeup scheduler for yield CPU

/fbusy while until scheduler make me suspend
while(1) {
if(pTCB->status = st_running)
break;
Sleep(0);
)
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void Executor::run(){
while(m_runningState = OPROS _ES ACTIVE){
executeComponents();
Scheduler()->yield cpu(p_TCB);
}
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